Temperature-sensitive fragile mutants of Staphylococcus aureus which grow at the restrictive temperature only in the presence of osmotic stabilizers and appear to have conditionally defective cell wall integrity were isolated and partially characterized.
Although our knowledge of the structure and biosynthesis of the cell wall peptidoglycan of bacteria is reasonably complete, little is known about the corresponding structural genes and their regulation (8, 12) . However, several investigators have obtained mutants whose phenotypes suggest aberrant biosynthesis or degradation of cell wall. These mutants, which should be of value in studying the genetics of these processes, include sucrose-dependent mutants of Escherichia coli that appear to have envelope defects (5) , salt-dependent mutants of Bacillus subtilis with wall abnormalities (12) , and a mutant of E. coli with amorphous morphology suggestive of L-forms but having no requirement for osmotic conditions for growth (1) . Salt-remedial (8) and temperature-sensitive (2) rod-mutants of B. subtilis have also been obtained.
This report describes the isolation and preliminary characterization of a new class of temperature-sensitive mutants of Staphylococcus aureus that become fragile and die when grown at the restrictive temperature. Death at the elevated temperature can be prevented by the presence of osmotic stabilizers such as NaCl and sucrose. Some of these mutants may be conditionally deficient in the maintenance of balance between cell wall synthesis and degradation as described by Tomasz et al. (11) .
The parent strain from which all mutants were derived, described here as strain 655HT, is a tryptophan-dependent mutant of the histidine auxotroph hisGb-15 (3). The mutants were isolated by exposing about 5 X 1010 cells of strain 655HT for 75 min to N-methyl-N'-nitro-N-nitrosoguanidine (200 ,ug/ml in 0.5% sodium citrate, pH 5.0). The mutagenized cells were washed twice in Trypticase Soy Broth (TSB, BBL), diluted 1:10 in TSB + 1 M NaCl, and incubated for 3 hr with shaking at 30 C. These cells were then diluted in 1 M NaCI, and samples were spread over plates of Trypticase Soy Agar (BBL) + 1 M NaCl. After incubation for 24 hr at 32 C, the resulting colonies were replicated (4) to nutrient agar (Difco) and nutrient agar plus 1 M NaCl. Both replica plates were incubated at 43 C for 48 hr; those colonies which grew well only in the presence of 1 M NaCl were isolated for further study. From 140 such isolates, 15 were found which clearly required NaCl for growth at 43 C but not at 30 C; these mutants are designated TOF (temperature-sensitive osmotically fragile) -9, -15, -17, -25, -33, -39, -84, -87, -95, -98, -112, -113, -115, -123, and -127. When grown at 30 C, all of the TOF mutants exhibited the phagetyping pattern and colonial and cellular morphologies typical of the parent strain.
The ability of NaCl to support the growth of the TOF mutants at the restrictive temperature was tested on a series of nutrient agar plates containing NaCl from 0.1 to 1.0 M at 0.1-M increments. Among the TOF mutants, the minimal concentration of NaCl which facilitated growth varied from 0.3 to 1.0 M. Sucrose also facilitated growth at 2 M, but this concentration proved somewhat inhibitory to growth. Glycerol failed to substitute for NaCl or sucrose, at least at concentrations of 2 M or less. These results are generally in agreement with those of Mitchell and Moyle (7) Fig. 2 ), after which a gradual decline occurred. In contrast, an abrupt decline in the viable cell counts occurred almost immediately after the temperature shift; although not shown in Fig. 2 , the kinetics of inactivation of viable 
